Abstract. The tridentate, saturated macrocyclic ligand 1,4,
INTRODUCTION
The saturated macrocycles 1,4,7-triazacyclononane (L; [9] aneN3) (ref.1) and its N-methylated derivative N,N',N1'-trimethyl-l,4,7-triazacyclononae (L', Me3[9] ane N3) (ref. 2 ) are members of a family of potentially tridentate macrocyclic ligands which form thermodynamically and kinetically stable complexes with the heavier main group elements (Ga, In, T1, Pb) and almost all transition metals (ref.
3 ) . These cyclononane ligands occupy facially three coordination sites of an octahedron forming three stable five-membered rings, D N , adopting thereby a relatively rigid ('x\x)- (or (rdl ) ) conformation. This stereochemical rigidity and the high symmetry of coordinated cyclononane ligands leads in general to very good crystallization behavior of complexes. These advantages of thermodynamic and kinetic stability, stereochemical rigidity and excellent crystallization of complexes is usually lost on going to tridentate macrocycles of larger ring sizes. 
I
From the point of view of a synthetically orientated coordination chemist 1 : 1 complexes of the type [LMX3]" are of interest, where L represents one of the cyclononane macrocycles and X is a unidentate ligand of one kind or other. The macrocycle functions as an effective blocking group for three coordination sites and a series of chemical reactions (i) at the metal center (oxidation, reduction ) , (ii) substitution of X or (iii) reactions at X may be carried out without interference of ligand dissociation of L.
In the present article such chemistry of the earlier transition metals (Ti, V, Cr, Mn, Fe, Mo, W, Re) will be emphasized since the coordination of N-donor macrycycles to these elements has in the past not been as extensively studied as the corresponding chemistry of Co(II,III), Ni(I1) or Cu( 11). In addition, it will be shown that LMX3 complexes are excellent starting materials for the synthesis of binuclear and oligomeric complexes containing 0x0-and/or hydroxo bridges as well as a variety of other bridging ligands. [LM(CO) 3X 1 ' .
This reaction may also be achieved chemically via
Using slightly more drastic reaction conditions (prolonged reaction times at higher temperatures) it is possible to exhaustively oxidatively decarbonylate the tricarbonyl-triazamacrocycle complexes of chromium, molybdenum and tungsten (ref. 5 , 8 ) .
LM (C0) 
[ ( [ 9]aneN3)Re(NO) (CO)2]2t is air-stable and water soluble; it reacts in H20 with Na[BH4] affording the air-and moisture-stable methylcomplex
which was found to react with I2 (1 :I ) in absolute ethanol to give [ ( [9] aneN3)Re(NO) (CO) (CH21)]' which slowly
0H-'H20
. [(([ 9] aneN3)Re(NO) (CO)]2(v-CH20CH2)] 2+ dimerizes in aqueous solution to produce an organometallic dication with a bridging 2-oxa-propane-1,3-diyl group (ref. 12,13) . The structure of this complex is shown in Figure 1 . [
Monomeric complexes LMX3 (M = Gal In, Ti, V, Cr, Mn. Fe, Co; X = C1, Br, H20) have been prepared via reaction of the trichlorides or aqua metal perchlorates with both macrocycles; they are starting materials for the synthesis of binuclear and oligomeric complexes.
BINUCLEAR AND POLYNUCLEAR COMPLEXES
Hydrolysis of monomeric [ ( [9] In cases where L represents Me3[9] aneN3 the conversion of two facesharing octahedra in the tri-p-hydroxo bridged species into two edgesharing octahedra of the di-u-hydroxo-bridged complex is not feasible due to steric constraints of the N-CH3 group of one amine ligand with the terminal OH-(or H20) group at the other metal center and vice versa (ref.
2). Hydrolysis of ( [9IaneN3)MoCl3 affords green, extremely air-sensitive di-p-hydroxo-bridged dimers which contain strong metal-metal bonds of the bond order three (d2d) (ref. 19) . Oxidation of these species with O2 or ClO, yields quantitatively di-p-0x0-dimolybdenum(V) dimers with a metalmetal bond order of one (ref. 9,20) . Figures 3 and 4 show their structures. Note the subtle difference between the NiN6-polyhedron and the CuN5-polyhedron (or CuN6 if the long Cu-Nr distance is considered a Cu-N bond1.In both complexes intramolecular antiferromagnetic spin exchange coupling is observed (H = -2JS1S2: J for the Ni2: -71 cm-l , and J = -331 cm-l for the CU(II)~). A series of binuclear complexes containing the p-oxo-di-v-carboxylatodimetal core of iron(III), manganese(II1) and vanadium(II1) have been prepared via spontaneous self-assembly from mononuclear starting materials and Mn(acI3 (ref. 25, 26, 27, 28) . 
